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The present invention relates to methods of using spread spectrum methods in a 
fiberoptical network and also to fiberoptical networks using spread spectrum methods. 
BACKGROUND 

One problem met in local area networks (LANs) using time division multiple access 

5 (TDMA) is that when the number of users becomes large such as several hundreds on the 
same network the bit rate must be increased to provide sufficient bandwidths to all users. 
This results in that electronic circuits operating at feirly high speed must be used 
everywhere in die network, even if die actual bandwidth used by an individual node or 
terminal in the network is much smaller. 

10 One way to alleviate diis problem is to use wavelength division multiplexing 
(WDM) in a fiber-optical network but it can be costiy since it usually means that tunable 
lasers, tunable filters and wavelength stabilization must be employed. Another solution 
which has been proposed is to use some form of spread-spectrum technique in the optical 
domain, see M.E. Marhic, "Coherent optical CDMA networks", J. Lightwave 

,5 Technology, Vol. 11, No. 5/6, May/June 1993, pp. 854 - 864, the published European 
patent appUcation 0 027 413 having die tide "Systfeme de transmission multiacc^s integral 
simultan^ sur Hgne de transmission par fibres optiques" for J. Foucard, which 
corresponds to U.S. patent 4,335,463, the pubUshed European patent appHcation 0 240 
124 having die tide "Lightwave conununication system" for G.J. Foschini and G. 

20 Vannucci, U.S. patent 5,519,526 for P. Chia et al. having die tide "Optical protocols for 
communication networks". This is also caUed code division multiple access (CDMA). 
There are several problems related to die proposed solutions. They often require die use 
of short pulses and/or special devices for spectral encoding and decoding as in die 
solutions disclosed in die cited paper by Marhic and in die cited U.S. patent. These are 

26 not standard components and wiU dius be expensive. Anodier solution proposed in die 
cited European patent appUcation 0 240 124 still requires a tunable optical filter to lock 
onto the emitting laser wavelength. 

Most of die existing articles and patents, see for example die cited paper by Marhic, 
die cited European patent appUcation 0 240 124 and U.S. patent 5,519,526, elaborating 

30 on die use of CDMA or spread-spectrum techniques for communication on optical fibers, 
use spreading of die optical spectrum. This means in general diat die despreading also has 
to be done optically. It can be difficult and also expensive in terms of components. 
However, in die cited European patent appUcation 0 027 413 a system is disclosed in 
which die spreading is done in die electrical domain, but in which die signal is kept in 

36 the baseband, widiout any subcarrier and/or control channel. 

In die cited European patent appUcation 0 240 124 die spreading is dius done in die 
optical domain, and aldiough diere is no wavelengtii control at die transmitter, a scanning 
tunable filter is required in die receiver to lock on an incoming signal and eslabUsh a 
connection. 
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In the cited U.S. patent 5,519,526 a spectral encoding of the optical signal is used 
which requires the use of very short pulses (to get enough spectral width) and a 
reconfigurable phase plate (for the spectral encoding). This will not be easy or cheap in 
practice. 

6 The Japanese patent application JP 5/268658 discloses a system for transmission 
between an exchange station and plural base stations in a mobile telephone network using 
CDMA. The electrical RF signals from the exchange station are converted to optical 
form and transmitted on optical fibers to the antennas of the base stations. 

In the published British patent application GB 2 125 253 a data conmiunication 
10 system is disclosed using code division multiple access spread spectrum techniques. A 
message is modulated on to a quasi-random bit stream. The modulation technique used is 
also called pseudo-noise modulation and at the transmitter a modulated RF carrier is 
subjected to irregular phase reversals in a modulator. The reversals are controlled by a 
signal from a code generator producing a pseudo-random bit sequence, particular to each 
IB destination. The modulation data is superimposed on this bit sequence. The resulting 
waveform is applied to a balance modulator, which leaves the RF carrier unchanged for a 
0 bit and produces a phase reversal for a 1 bit. The balance modulator is a liner driver, 
which can feed an optical fiber cable. 
SUMMARY 

20 It is an object of the invention to provide a method of transferring electrical digital 
signals over a fiberoptical network employing CDMA allowing use of standard, basically 
not too costly building elements, such as tunable lasers or filters. 
S It is another object of the invention to provide a fiberoptical network which is 

:1 suitable for employment as a LAN and can be implemented using standard, basically not 
2 25 too costly building elements. 

^0 It is another object of the invention to provide a fiberoptical network in which a 

K data channel to be used for setting up connections can be easily implemented. 

It is another object of the invention to provide a fiberoptical network which can be 
constructed in a flexible way allowing smaller or higher capacities. 
30 Thus, spread spectrum modulation is used, for example CDMA, in fiberoptical 
transmission, for example in a LAN, in which the modulation is made at radio 
frequencies followed by a conversion to optical signals instead of making a spread at light 
frequencies directly. A TDMA-modulated control channel is used and one or a plurality 
of CDMA-modulated or similarly modulated data channels. 
36 The fact that spectrum spreading is done in the electrical domain allows the use of 
standard components which are now being developed, for example for mobile telephone 
systems using CDMA or some modified version thereof. Several different embodiments 
having varying performances, costs and complexities will then be possible. In the 
simplest one, no wavelength control and no optical filters are necessary, what allows a 
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low cost system to be constructed. 

The electrical data signal is thus multiplied by a spreading code, this method being 
called direct-sequence CDMA, and then the resuh is used to modulate an RF subcarrier. 
A control channel for establishing connections between two terminals can be implemented 
s as a TDMA channel in the baseband using collision detection, for example using an 
"Ethernet" type protocol. An alternative is to keep the spread-spectrum data signal in the 
baseband and to put die control channel on a subcarrier. Another alternative is to put both 
the data and the control channel on subcarriers. In any case, the two signals are sununed 
and the resulting or added signal is then used to modulate the intensity of a light emitting 
10 device having a sufficient bandwidth. 

Generally thus, in a fiber-optical based local area network a control channel is 
provided, which uses TDMA with for example collision detection for setup of 
connections, the control channel being carried on one RF subcarrier and further one or 
several spread-spectrum data channels using CDMA or a similar spreading method on 
16 one or several other RF subcarriers. One of the subcarriers used, the term "subcarrier" 
being taken generally, can be the baseband. The connections can be point-to-point or in 
some cases broadcast. If several RF subcarriers are used for the data channels, each sub- 
carrier can have different bit-rates and code sequence lengths. In that case, several 
simultaneous connections firom one terminsd to several other terminals are also possible. 
20 No wavelength control of the light emitting devices is necessary. 

A possible extension of diis generai approach is to use WDM. Then die available 
spectrum is divided in several wavelength hunds, each carrying a fiiU system as described 
above. The control channel wiU be common to all bands and can be allocated its own 
wavelength band. 

U is The cited European patent applicaUon 0 027 413 discloses, as has been indicated 
iO above, a system employing spreading in the electrical domain and placing the signal in 
^ the baseband, not using a subcarrier and/or a control channel. The advantage of the 
system as described herein is die increased flexibility and capacity, especiaUy when 
multiple subcarriers are used. For example, it allows the simultaneous connection of one 
30 terminal to several others, transmitting dilferent dau, using only one optical interface. 

Thus, when transferring an electrical digital signal incoming to a first terminal fi-om 
this terminal on an optical fiber to a second terminal, die signal can first be spread using 
a spread spectrum mediod, then modubted on a radio frequency subcarrier, i.e. an 
electric harmonic oscillation having a definite and fixed frequency, and finally converted 
36 to optical signals transmitted on the fiber to the second terminal, where substantiaUy 
inverse operations are performed on die received optical signal in the inverse order to 
extract the original electrical digital signal. 

More precisely, in die first terminal: die electrical digital signal is spread using 
some spread spectrum modulation mediod such as CDMA or frequency hopping to 
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produce a spread spectrum modulated electrical signal, this spread spectrum modulated 
electrical signal is then modulated on a radio frequency subcarrier, e.g. by amplitude 
modulation, to produce a modulated subcarrier signal, this modulated subcarrier signal is 
used for modulating the amplitude of a monochromatic light wave to produce a modulated 
5 light wave, and this modulated light wave is transmitted on the optical fiber to the second 
terminal. In the second terminal: the modulated light wave received on the optical fiber is 
converted to an electrical signal by sensing the optical power and producing an electrical 
signal having a magnitude equal to that power, this electrical signal is demodulated at the 
frequency of the radio frequency subcarrier to produce a demodulated spread spectrum 
10 electrical signal, and this demodulated spread spectrum electrical signal is despread using 
the despreading method corresponding to the spread spectrum method used in the first 
terminal to produce a digital electrical signal corresponding to the electrical digital signal 
incoming to the first terminal. 

A network according to the discussion above will then comprise at least two 
IB terminals, which are connected by an optical fiber. Generally then, a control channel is 
carried on one RF subcarrier and at least one spread-spectrum data channel produced by 
using a spread spectrum method is carried on a different one or on different ones 
respectively of RF subcarriers, the RF subcarriers here being taken in a generalized 
meaning, so that one of the subcarriers used can be the baseband, i.e. have a frequency 
20 equal to zero. 

A transmitter or transmitting means m a terminal can then comprise, for the case of 
the data channel on a subcarrier: spreadirig means for spreading a first electrical digital 
signal using a spread spectrum method to produce a spread electrical signal, the spreading 
means comprising for direct-sequence CDMA a multiplier and a generator of spreading 
26 code signals; modulating means connected to the spreading means for modulating the 
O spread electrical signal on a radio frequency subcarrier having a non-zero frequency, 
IB which suitably is a rather high frequency, in the order of hundreds of MHz, to produce a 
modulated electrical signal, the modulating means comprising e.g. a multiplexer or mixer 
and an RF oscillator, and; converting means connected to the modulating means for 
30 modulating the modulated electrical signal on a light wave to produce an optical signal 
and connected to the optical fiber for transmitting the optical signal on the optical fiber. 

For the control channel, the transmitting means can further comprise sunrmiing or 
adding means connected between the modulating means and the converting means and 
having a first input connected to the modulating means and an output connected to the 
35 converting means. A second input of the adding means is connected to receive a second 
electrical digital signal which is then added to the modulated signal before it is modulated 
by the converting means. 

The receiver or receiving means can in the same case comprise: converting means 
connected to the optical fiber for receiving an optical signal for converting the optical 
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signal, in particular the power thereof, to an electrical signal; demodulating means 
connected to the converting means for demodulating the electrical signal into a 
demodulated electrical signal, and; despreading means connected to the demodulating 
means for despreading the demodulated electrical signal using a spread spectrum method 
6 to produce a despread electrical signal corresponding to the first electrical digital signal, 
the spread spectrum method corresponding to that used in the transmitter means, the 
direct-sequence CDMA case using the same spreading code for the despreading. 

For the data channel, the receiving means can further comprise splitting means 
connected between the converting means and the demodulating means having an input 
10 connected to the converting means. The splitting means will split die electrical signal con- 
verted from the received light signal iiito a low frequency electrical signal, that 
corresponds to the second electrical digital signal and is provided on a first output of the 
splitting means, and a high frequency electrical signal provided on a second ouq)ut of the 
splitting means, the second output being connected to the demodulation means. 
15 Additional objects and advantages of the invention will be set forth in die 
description which follows, and in part will be obvious from die description, or may be 
learned by practice of the invention. The objects and advantages of the invention may be 
realized and obtained by means of the mediods, processes, instrumentalities and 
combinations particularly pointed out in the appended claims. 
20 BRIEF DESCRIPTION OF THE DRAWINGS 

While the novel features of the invention are set forth with particularly in the 
^ appended claims, a complete understanding of the invention, both as to organization and 
;H content, and of the above and other features diereof may be gained from and the 
11 3 invention will be better appreciated from a consideration of the following detailed 
iM= 25 description of non-limiting embodiments, presented hereinbelow with reference to the 
1'^' accompanying drawings, in which: 

^ Fig. la is a diagram of the electrical spectrum of a simple, basic system having dae 

spread-spectrum data signal carried on an RF subcarrier and a control channel in die 
baseband, 

30 Fig. lb is a diagram of the optical spectrum resulting from the electrical spectrum 
of Fig. la, if a single-mode laser is used and only one light transmitter is active, 

Fig. 2a is a diagram of the electrical spectrum of anodier, simple basic system 
having the spread-spectrum data signal carried in the baseband and the control chaxmel 
carried on an RF subcarrier, 
35 Fig. 2b is a diagram of the optical spectrum resulting from the electrical spectrum 
of Fig. 2a, if a single-mode laser is used and only one light transmitter is active, 

Fig. 3 is a schematic picture of a fiberoptical LAN using the modulation methods as 
oudined in Figs, la and lb or Fig. 2a and 2b respectively. 

Figs. 4a and 4b are schematic block diagrams of the principle of operation of a 
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transmitter and a receiver respectively for a simple, basic system having a control 
channel in the baseband. 

Figs. 5a and 5b are schematic block diagrams of the principle of operation of a 
transmitter and a receiver respectively for a simple, basic system having a CDMA data 
6 channel in the baseband. 

Figs. 6a and 6b are schematic block diagrams of the principle of operation of a 
transmitter and a receiver respectively for a multiple connection system having multiple 
RF subcarriers using a baseband control channel and two possible simultaneous con- 
nections, and 

10 Fig. 7 is a diagram showing an example of optical spectrum allocation for 3 WDM 
bands, each 4 nm wide with 1 nm guard bands in between, around 1550 nm. 
DETAILED DESCRIPTION 

In Fig. 3 a fiber-optical local area network is illustrated comprising a plurality of 
terminals 1. Each terminal 1 comprises a light transmitter 3 and a light receiver 5 
15 connected to ends of respective optical fibers which at their other, opposite ends are 
!□ connected to a star coupler 7, which comprises light combining and light splitting 
elements. A terminal 1 thus receives electrical signals firom some source, not shown, also 
hi called a user, which are converted to suitable light signals and are transmitted by the 
01 transmitter 3 on the optical fiber connected to the transmitter, the light signals being 
^ 20 routed in some way in the star coupler to another optical fiber connected to a receiver 5 
•jjl in another terminal 1 . This receiver 5 then converts the received light signals to suitable 
. electrical signals which can be forwarded to some user, not shown. 

O In the fiber-optical network illustrated in Fig. 3 spread spectrum modulation is used, 

in which an electrical data signal incoming to a terminal 1 can be multiplied with a 
Iff 26 spreading code, this method being called direct sequence CDMA, and the result is then 
used to modulate an RF subcarrier, see the diagram of Fig, la showing the electrical 
IB spectrum of signals to be transmitted in the network. A control channel for establishing 
or setting up connections between two terminals 1 is implemented as a TDMA channel 
using for example collision detection. The control channel can be carried in the baseband 
30 as illustrated by the spectrum of Fig. la. Alternatively, the data signal converted to a 
spread-spectrum electrical signal can be carried in the baseband and the control channel 
carried on a subcarrier, see the diagram of the electrical spectrum in Fig. 2a. Another 
alternative is to put both on subcarriers, this case not being illustrated in the drawings. 
The two signals are electrically summed and the resulting signal is then used to 
36 modulate the intensity of the light emitter 3 in the terminal which then must have a 
sufficient bandwidth corresponding to the modulation width. The resulting optical spectra 
are illustrated in the diagrams of Figs, lb and 2b. 

Each receiver 5 has in the simplest implementation only one photo-detector to 
convert the incoming light to an electrical signal. An electrical filter can separate the data 
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signal and the control channel. After down-conversion, if needed, and low-pass filtering, 
the desired signal is then selected by correlating with the corresponding code sequence, 
as in standard CDMA systems. 

This establishes a one-directional channel which can be used for point-to-point 
5 transmission or for broadcast transmission. To establish a bi-directional connection 
between two terminals two such channels are required. 

Several variants and extensions of the embodiments as described above are possible, 
having varying costs and resulting in varying characteristics and performances: 

* Instead of using direct sequence CDMA as described above, frequency hopping 
10 can be used or a combination of CDMA and frequency hopping. 

* To avoid storing spreading code information about every terminal 1 in the 
network, the terminals can exchange that information during set-up of a connection, using 
the control channel. 

* Several RF subcarrier frequencies can be used what requires multiple spreading 
15 and modulating devices in the transmitters 3 and multiple despreading and demodulating 

O devices in the receivers 5. This can allow simultaneous connections from one terminal 1 

to a plurality of other terminals 1 . 
Sj * Different bi^rates can be used with different subcarriers. 

y1 * The network capacity can be increased by using WDM and then several 

W 20 wavelength bands can be defined. In that case die control channel may have its own 
I J wavelength band. 

In the following several possible implementations of the general principles described 
O above will be discussed. In general, the more complex implementations will have a 
higher performance, but will also be more costly. One of the main parameters to be 
Jt 26 considered for system design will be die desired or available bandwidth, 
Jfi In the basic system having only a control channel and only one data channel only 

ffl one subcarrier is used on which die spread-spectrum data signal is modulated or by which 
the spread-spectrum data signal is multiplied, see Figs, la, lb and the block diagrams of 
transmitter and receiver circuits in Fig. 4a, 4b. Instead, the control channel can be 
30 modulated on the subcarrier, see Figs. 2a, 2b and die block diagrams of transmitter and 
receiver circuits in Figs. 5a, 5b. 

The block diagrams of transmitter and receiver circuits in Figs. 4a, 4b respectively 
for die case of having the control channel in die baseband illustrate only the principle of 
operation of the respective circuits. Some additional filters, amplifiers and control circuits 
3B may be needed in a practical embodiment but diey can easily be introduced therein by 
one skilled in the art. 

In die transmitter circuit 3 illustrated in Fig. 4a the incoming data signal, which 
uses amplitude modulation and is a common pulse train having the logical levels "4-1" 
and "-1" representing die two binary digits 1 and 0, is spectrum spread by being 
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multiplied by a spreading code in a multiplication circuit 41, the spreading code arriving 
from a spreading code generator 43 in order to perform direct sequence CDMA. The 
spreading code is composed of a balanced sequence of similarly the electrical logical 
levels " + 1*" and "-1" (the direct sequence CDMA being equivalent to a ir or 180"* phase 

e modulation). The result is filtered in a low-pass filter 45 and then used to modulate an 
RF subcarrier produced in an RF generator 47 by providing the code-spread signal firom 
the filter 45 and the RF signal from the generator 47 to a multiplication circuit 49. The 
output signal of the multiplication circuit 49 is provided to a summing or adding circuit 
51, in which it is added to a control signal, also being a pulse train of the amplitude 

10 modulated type, generated in a control unit 53. The electrical sum of the signals is fed to 
a light emitting device 55 in which it is used for modulating the intensity of a 
monochromatic light wave generated in the light emitting device. The resulting modulated 
light signal is then forwarded on the opdcal fiber connected to the output of the light 
emitting device 55. 

16 The receiver circuit 5 illustrated in Fig. 4b comprises a photodetector 61, which is 

Q connected to an optical fiber from the coupler 7, see Fig. 3, for receiving light signals 
propagating on the fiber. The photodetector 61 can be a light sensor of some conunon 

^ type sensing the optical power and converting it to corresponding electrical signals. The 
electrical signal is provided to a splitting filter 63, which on a first one of its outputs 

{ri 20 produces a low-frequency portion of the electrical which is direcdy the control data signal 

'A and on a second one of its outputs produces a high-frequency portion comprising the 
modulated RF wave. The control data is provided to a control unit 65 and the RF wave 

if-^ must then be demodulated. Then, it is first multiplied in a multiplication circuit 67 by a 
non-modulated RF wave generated in an oscillator 69 having the same frequency as the 

^ 26 RF wave generated by the RF generator 47 in the transmitter. The multiplied or mixed 
signal is then filtered in a low-pass filter 71 from which it is provided to a second 

m multiplication circuit 73, which on another input receives the spreading code from a unit 
75 for spreading code generation and synchronization. The output signal of the 
multiplication circuit 73 is fed to a decision unit 77 containing logical circuits for 
30 deciding whether the received signal contains a "one" or a "zero** in the conventional 
way. The output signal of the decision unit 77 is the desired electrical data signal 
transmitted through the network and is delivered in some way to the user of the terminal. 
This output signal is also supplied to the spreading code generation and synchronization 
unit 75 in order to aUow it to make the synchronization. 
36 The basic system can instead, as has been described above, comprise modulation of 
the control channel and block diagrams of transmitter and receiver circuits for this case 
are shown in Figs. 5a and 5b respectively. In the same way as for the transmitter and 
receiver circuits described above the block diagrams of Figs. 5a and 5b illustrate only the 
principle of operation of the respective circuits. Additional filters, amplifiers and control 
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circuits may actually be needed. In Figs. 5a and 5b the same reference numerals as in 
Figs. 4a and 4b are used for identical or corresponding elements. 

The transmitter circuit 3 of Fig. 5a spreads the data signal incoming from the user 
by multiplying it with a spreading code in a multiplication circuit 41, which receives the 

5 data signal on one input and the spreading code on another input from a spreading code 
generator 43 as described above. The spread signal is low-pass filtered in a filter 45, 
which provides the filtered signal to an input of a summing or adding circuit 81. A 
control signal is as above generated in a control unit 53 and is modulated on an RF sub- 
carrier produced in an RF generator 47 by providing die control signal and die RF signal 

10 from the generator 47 to a multiplication circuit 83. The output signal of the 
multiplication circuit 83 is provided to another input of the summing circuit 81, in which 
it is added to the code-spread, filtered data signal. The sum produced in the circuit 81 is 
fed to a light emitting device 55 for modulating a light wave generated by the light 
emitting device. The resulting modulated light signal is then as above forwarded on the 

IB optical fiber connected to the ou^ut of the light emitting device 55. 

The receiver circuit 5 illustrated in Fig. 5b comprises like that shovm in Fig. 4a a 
photodetector 61, which is connected to an optical fiber extending from the coupler 7, see 
Fig. 3. The electrical signal produced by the detector 61 is provided to a splitting filter 
63, which on a first one of its outputs produces a low-frequency portion of the electrical 

20 signal which direcdy is the code-spread data signal and on a second one of its outputs 
produces a high-fi^quency portion of the electrical signal which comprises a modulated 
RF wave containing the control data signal which will be demodulated. The high- 
frequency signal is then first multiplied in a multiplication circuit 85 by a non-modulated 
RF wave generated in an oscillator 69 having the same frequency as the RF wave 

25 generated in the transmitter. The multiplied signal is then filtered in a low-pass filter 87 
from which it is provided to a control unit 65. The code-spread data signal is "despread" 
by supplying it in the same way as described above to an input of a multiplication circuit 
73, which on another input receives the spreading code from a spreading code generation 
and synchronization unit 75. The output signal of the multiplication circuit 73 is provided 

30 to a decision unit 77. The output signal of the decision unit is the desired electrical data 
signal and it is also supplied to the spreading code generation and synchronization unit 75 
in order to allow it to make the synchronization. 

Now die band-width requirements for the different cases will be discussed. The 
minimum frequency of die modulated RF subcarrier should always be higher than die 

35 chip rate, i.e. tfian die bit-rate of die spreading code. If we put die control channel on an 
RF subcarrier, its minimum frequency should still be higher dian die chip-rate. 

The chip rate depends on die desired bit-rate and die maximum number of users or 
terminals 1 which are to be allowed to be connected to the network. The maximum 
number of terminals depends on the number of code sequences available and thus on die 
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length of the code sequence. Typically, in a direct sequence CDMA system, the ratio of 
the chip-rate to the bit-rate of the incoming data signal is equal to the length of the code 
sequence, i.e. the number of bits in the code sequence. The (useful) bandwidth of the 
spread signal is of the order of the chip rate. 

6 This means that the subcarrier RF frequency must be higher than the chip rate in 
the case as illustrated in Figs. 4a and 4b in which a control channel in the baseband is 
used. For example, for a signal bit-rate of 2 Mbits/s and a code sequence of 127 bits, the 
chip rate should be of the order of 250 MHz. A subcarrier frequency of 300 MHz can 
then be used which gives a signal spectrum between 50 and 550 MHz and leaves more 

to space than required for a baseband control channel of 10 Mbits/s which will occupy only 
about 10 MHz. 

Alternatively, if we keep the spread data signal in the baseband, we can still use a 
subcarrier of 300 MHz for the control channels. But now, the spectrum will extend only 
to about 310 MHz. Thus, putting the control channel on the subcarrier allows smaller 

16 total spectral widths. 

The number of users which can be accommodated by such a system depends on the 
code sequences used, which, as has been intensively discussed in the prior art, must have 
a sharp auto-correlation peak one chip wide for allowing a synchronization to be made in 
the spreading code generation and synchronization units 75 and a low cross-correlation, 

20 in order to get a good interference rejection. Well-known standard codes comprise M- 
sequences, Gold-codes and Kasami-codes, which can all be generated using shift-registers 
provided with feedback taps. For example, using Gold-codes, which are generated using 
two shift-registers of length n, (2° 1) code sequences of lengdi N = (2*^ - 1) can be 
obtained m where n cannot be a multiple of 4. In that case the auto-correlation value is 

25 equal to N for no shift and equal to -1 otherwise. The maximum cross-correlation value 
between different code sequences is (2^""^^)^^^ -f 1). For example a code sequence of 
127 bits can be generated with n = 7, which gives 129 distinct code sequences, an auto- 
correlation peak of 127 and a maximum cross-correlation of 17. 

The control channel for establishing connections between two terminals can be 

30 implemented as a TDMA channel using collision detection using for example an 
'•Ethernet" type protocol. Other methods, such "Token Ring", can also be used. 
Typically, amplitude modulation wiU be used. An oudine of a protocol sequence to 
establish two-way communication between two terminals could be the following: 

1 . If a terminal A wants to establish a communication channel to another terminal 
35 B, it sends a connection request over the control channel, the request being generated by 

the control unit 53 of the terminal A. It can also send the code sequence which it will use 
if it is not known to the terminal B. 

2. Terminal A waits for a reply from terminal B and sends the request again at 
random intervals if B does not respond. 
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3. The answer from terminal B either refuses the connection if this terminal is busy 
or tells terminal A that it can begin transmission. If needed, terminal B can also send the 
code sequence which it will use for transmission over a return channel. 

The code sequences of the transmitters of each terminal can be fixed and known to 
5 all the other terminals, or in order to simplify management, they can be transmitted in the 
control channel during each connection setup process. This latter method requires that the 
spreading code in the receivers can be programmed . This allows for broadcast 
transmissions, i.e. that one tenninal sends the same data to a plurality of other terminals. 
Alternatively, the receiver codes could be fixed and the transmitters be programmable, 
10 but this would not allow broadcast. 

The light emitting devices 55 used in the transmitters 3 must have a suf&cient 
bandwidth to transmit the amplitude modulated signal. Depending on the bandwidth and 
power requirements, these devices can be for example light emitting diodes (LEDs), 
directly modulated semiconductor lasers or lasers comprising a modulator. There is no 
15 requirement on wavelength control of the light emitting devices, since all the processing 
is done in the electrical domain. As has already been indicated, the photodetectors 61 in 
C the receivers 5 will sum the light power at all relevant wavelengths. This allows for 
^ example the use of cheap Fabry-Perot lasers which are multi-mode. 

As described in conjunction with Fig. 3, the light generated by all Ught emitting 
m 20 devices 55 in the transmitters 3 is coupied to each other and split among the fibers 
?D connected to the receivers 5 in some means which for example is a star coupler as 
illustrated in Fig. 3. If the power budget is insufficient, it may be necessary to use optical 
p amplifiers for some of the fibers but tfiis is generally expensive. 

A straightforward extension of the basic system is to add several subcarriers for the 
W 26 communication channels in order to obtain a single connection having multiple RF sub- 
carriers. The only difference from the basic systems as described with reference to Figs. 
f5 la, lb, 4a, 4b and Figs. 2a, 2b, 5a, 5b respectively is diat the transmitter and/or receiver 
are designed to select the correct subcarrier. The information on the subcarrier which is 
to be used can be exchanged through the control channel during setup of the connections. 
30 Different bit-rates and code lengths can be used for different subcarriers. For example, if 
we require much fewer high bandwidth coimections than lower bandwidth ones, we could 
use smaller code lengths, which allow a smaller number of users, and reduce the spectral 
bandwidth used. It should be observed, that the two directions in a bi-directional 
connection can use different subcarriers, which would allow asymmetric bandwidths, so 
38 that one direction can have much more bandwidth than the opposite direction. 

The codes for the high bandwidth channels can be allocated dynamically when 
needed, for example by a central network manager, not shown, which would allow reuse 
and more terminals than codes. 

To eliminate the need for tuning at one end of a connection, either the transmitter or 
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receiver could use a fixed subcarrier. This would be practical mainly if all connections 
had the same bit-rate. However, using modem electronic circuits, the difference in costs 
would be very small and probably not worth the resulting loss of flexibility. 

As an example, to the system described previously, using a control channel of 10 

6 Mbits/s on a 300 MHz subcarrier and baseband channels of 2 Mbits/s, having a code 
length of 127 bits, a subcarrier at 650 MHz can be added, carrying channels of 10 
Mbits/s having a code length of 31 bits. This would give 33 high-speed channels and 
extend the total spectrum used to about 960 MHz. 

When multiple subcarriers are arranged, it is possible to have simultaneous 

10 connections from one terminal to a number of different terminals (the number ranging up 
to the number of RF subcarriers) so that a case here called multiple connections having 
multiple RF subcarriers is obtained. Of course this results in that more hardware is 
required. As many "spreader + modulator" in the transmitter 3 and "demodulator 4- 
despreader" in the receiver 5 are needed as the number of allowed connections. If their 

16 number is the same as the number of subcarriers, they do not have to be tunable. 

The control channel can still be implemented in the same way as above. An 
example of a transmitter and a receiver allowing two simultaneous connections is 
illustrated by the block diagrams of Figs. 6a and 6b. As for the transmitter and receiver 
circuits described in conjunction with Figs. 4a, 4b and 5a, 5b these block diagrams 

20 illustrate only the principle of operation of the respective circuits. In Figs. 6a and 6b the 
same reference numerals as in the previously described figures are used for denoting 
identical or corresponding elements. 

In the transmitter circuit for two RF subchannels illustrated in Fig. 6a two different 
data signals are individually code-spread by multiplying them with individual spreading 

25 codes in multiplication circuits 41, which each one receives a data signal on one input 
and the respective spreading code on another input from spreading code generators 43. 
Each code-spread signal is low-pass filtered in a respective filter 45. Each filtered signal 
is then used to modulate a different RF subcarrier produced in tunable RF generators 4T 
by feeding the code-spread signal from the filter 45 and the RF signal from the respective 

30 tunable generator 47' to a separate multiplication circuit 49 arranged for each incoming 
data signal. The output signals of the multiplication circuits 49 are provided to a 
summing circuit 51', in which they are they are added to each other and to a control 
signal generated by a control unit 53 for the transmitter. The electrical sum of the signals 
is fed to a light emitting device 55 in order to modulate a light wave issued on an optical 

36 fiber. 

The corresponding receiver circuit for two RF subchannels illustrated in Fig. 6b 
comprises a photodetector 61, which is connected to an optical fiber for receiving light 
signals. The electrical signal produced by the detector is provided to a splitting filter 63, 
which on a first one of its outputs delivers the low ft^uency portion of the signal which 
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directly is the control data signal and on a second one of its outputs delivers the high 
frequency portion comprising the modulated RF waves. The control data is provided to a 
control unit 65 for the receiver. The high frequency portion of the detected signal 
containing the RF waves must then be demodulated for the two carriers. Then, the high 
6 frequency portion is first multiplied in two parallel multiplication circuits 67 by 
corresponding non-modulated RF waves. Each of these RF waves is generated by a 
tuneable oscillator 69' tuned to generate the same frequency as the RF wave generated by 
the corresponding RF generator AT in the transmitter. Each multiplied or mixed signal is 
then filtered in a low-pass filter 71 , one filter being arranged for each signal, from which 
10 filter the mixed signal is provided to an input of another multiplication circuit 73, which 
on another input receives the respective spreading code from a unit 75 for spreading code 
generation and synchronization for each RF channel and data signal. The output signal of 
the multiplication circuit 73 is fed to a decision unit 77 providing an ou^ut signal being 
the respective, desired electrical data signal delivered to the user of the terminal. This 
16 output signal is as above also supplied to the spreading code generation and 
synchronization unit 75 in order to allow it to make the synchronization. 

The capacity of the basic systems having one RF subcarrier or the system having 
multiple RF subcarriers can be significantly extended by using WDM techniques. Then 
the optical spectrum is divided in several wavelength bands which can be used in- 
20 dependendy, see Fig. 7. In Fig. 7 a diagram is shown illustrating an example of optical 
spectrum allocation around 1550 nm for three WDM bands, each of which being 4 nm 
^ wide, where guard bands of 1 nm are arranged between the WDM bands. The 
ip information for setting up a connection can include also the wavelength band to be used 
^"J when transmitting data. 

^ 25 In this case, tunable light emitting devices and tunable bandpass filters having 
\fi sufficient wavelength accuracy to stay in the desired band will be required. The accuracy 
Ip which the light emitting devices and the filters are required to have will then depend on 
the width of the wavelength bands. Such a system will in general be more expensive than 
the systems described above ^ but would increase the capacity by a factor equal to the 
30 number of wavelength bands used. If WDM is used, it may be interesting to fix the 
wavelength band used by the transmitter or the receiver in order to decrease the costs by 
replacing either the tunable light emitting device or the tunable filter by a fixed or non- 
tunable one. At the expense of even more hardware, simultaneous connections in 
different wavelength bands is also possible using wavelength demultiplexers and/or 
36 filters. Again, if the system is to allow broadcast transmissions, the filter/filters at the 
receiver must be tunable. 

The control channel can still be implemented in the same way as before by omitting 
putting an optical filter in front of die control channel photo-detector. An alternative is to 
allocate an own (fixed) wavelength band to the control channel. 
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Signal interferences will now be discussed. There are substantially three ways, in 
addition to the normal cross-correlation between code sequences, in which two different 
signals can interfere with each other. They comprise: 

(1) beating between two optical carriers with a beat frequency within the electrical 
5 bandwidth of tfie receiver; 

(2) non-linear mixing in the light emitter generating sum and difference terms; 

(3) non-linear mixing in the receiver. 

The problem of beat interference between optical carriers can arise if the optical 
carrier frequencies of two lasers become close enough so that the difference is within the 
10 electrical bandwidth of the receiver, whereas, if it is larger, it will be filtered out. This 
will be a problem mainly in the case where single mode lasers are used. If LEDs are 
used, there is no coherent beating. If multimode Fabry-Perot lasers are used, the problem 
can still exist, but in general only one or a few modes will be involved, which reduces 
the power of the beat tone because only a small fraction of the light power is involved. 
16 One way to avoid the problem is to use self-pulsating lasers, of the type used in CDs for 
O example. The only requirement is that the self-pulsation frequency should be at least 
"fl twice the highest frequency of the signal to be transmitted, 

Kl Even if we get a beat tone, the fact that we use CDMA will reduce its effect 

ffi significantly since the despreading in the receiver will spread the beat tone and reduce its 
W 20 in-band power by about the spreading factor. The remaining power will appear as more 
J^J or less white noise. This is not true for the control channel which is not spread-si>ectrum, 
J'^ but this channel has a very narrow spectrum, at most a few tens of MHz, and will re- 
O quire an exact coincidence of the optical carriers. This can still happen, especially when 
there is a large number of terminals, which is the reason of the advantageous use of 
r" 26 LEDs or multi-mode lasers or self-pulsating lasers. 

lf% Non-linearities in the light emitting devices mainly originate from a light-current (L- 

iffi I) relation which is non-linear. This non-linearity can in general be made small for lasers 
but is significant for LEDs. Because the signals are spread by the CDMA coding, the 
most likely source of sum and difference terms is the non-linear mixing of the RF sub- 
30 carriers with one another, if several subcarriers are used, and with the control channel. 
This will give narrow intermodulation tones. By a careful choice of the RF subcarrier 
frequencies, it can be avoided that they appear in the control channel band. When they 
appear in the band of one of the spread spectrum signals, the despreading in the receiver 
will spread them and reduce the in-band power by the spreading factor, as for the optical 
36 carrier beating mentioned above. Again, the remaining power will appear as white noise. 
This will significantly reduce the linearity requirements of the light emitting devices. 

In general, non-linearities in the receivers are small compared to those in the light 
emitting devices and can be ignored. In any case, the same factors which reduce the 
effects of non-linearities in light emitting devices will also reduce tliem in receivers. 
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While specific embodiments of the invention have been illustrated and described 
herein, it is realized that numerous additional advantages, modifications and changes will 
readily occur to those skilled in the art. Therefore, the invention in its broader aspects is 
not limited to the specific details, representative devices and illustrated examples shown 
5 and described herein. Accordingly, various modifications may be made without departing 
from the spirit or scope of the general inventive concept as defined by the appended 
claims and their equivalents. It is therefore to be understood that the appended claims are 
intended to cover all such modifications and changes as fall within a true spirit and scope 
of the invention. 
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